Background: Present study was carried out to evaluate neuroprotective activity of newly synthesized Benzopyran-2-one derivatives. Methods: Three compounds namely 7-(2-(o-furan)-phenyl thiazolidinyl)-4-methyl benzopyran-2-one (FPTMB), 7-(2-(N,N dimethyl)-phenyl thiazolidinyl)-4-methyl-benzopyran-2-one (DPTMB) and 7-(2-(p-hydroxy)-phenyl thiazolidinyl)-4-methyl-benzopyran-2-one (HPTMB) were assessed for their effects on Central Nervous System (CNS) using a series of established pharmacological tests including evasion test for anxiolytic activity, actophotometer test for spontaneous motor activity (SMA), rotarod test for skeletal muscle relaxation and pentylenetetrazole (PTZ) induced convulsant model for anti-convulsant activity followed by Eddy's hot plate and Haffner's tail clip method for analgesic activity. Results: These derivatives were found to produce symptoms of CNS depression in conscious mice, viz. significant reduction in SMA and exploratory behavior by evasion test and skeletal muscle relaxation and showed a significant prolongation of latency and reduced duration of convulsions induced by PTZ. Further, these test compounds failed to show a significant anti-nociceptive activity evaluated by centrally acting analgesic models i.e., Eddy's hot plate and Haffner's tail clip methods. Conclusion: It may be concluded that all three derivatives possess anxiolytic activity, SMA, skeletal muscle relaxation and anti-convulsant activity but do not possess analgesic activity.
INTRODUCTION
In neurodegenerative diseases death of neurons in the brain and spinal cord is the major reason for the loss of sensory and cognitive functions. 1 Successful progress has been made by pharmaceutical industry in recent years on wide range of diseases but the treatment of CNS disorders is lagging behind. 2 Treatment of these disorders mainly deals with the selective delivery of the therapeutic agent to the target cell. 3 Combination drug therapy is mostly employed but their prolonged use may result in abnormal bodily movements, motor disturbances, confusion, behavioral changes, 4 etc., hence there is a need to develop a biologically active neuroprotectants with fewer or no side effects. Coumarins are group of compounds reported to possess various effects on CNS, is gaining tremendous interest in the field of neuropharmacological research. Different plants containing coumarin as an active ingredient reported for CNS activities Leucasinflate, 5 Angelica gigas, 6 Ficus platyphylla, 7 Morus alba L. 8 Different chemically synthesized derivatives of coumarin known to possess various biological activities like anti-oxidant, 9 5-lipoxygenase inhibitor, 10 heat shock protein-90 inhibitor, 11 multidrug transporter of P-glycoprotein inhibitor. 12 Therefore, present study deals with investigation of neuropharmacological effects of some newly synthesized benzopyran-2-one derivatives.
MATERIALS AND METHODS

Chemicals
All chemicals used in study are of analytical grade. Diazepam and GABA were procured as marketed formulation from Azardo Pharmaceuticals, Pentazocine from Ranbaxy Lab. Ltd and PTZ from sigma-Aldrich chemical company, USA. Normal saline (NS) (5 ml/kg, P.O) was used as control in all experiments.
Animals
Experimental protocol was carried out by using female Swiss albino mice weighing 20-25 g were procured from the animal house of K.L.E.S College of Pharmacy, Hubli, and Karnataka. Standard guidelines of CPCSEA are followed to carry out all experimental protocols. During the study all animals were kept in clean cages and provided with standard rodent feed and water ad-libtum. This experimental study was approved by Institutional Animal Ethical Committee of KLE College of Pharmacy, Hubli, Karnataka, India, with the approval number of KLESCOPH/IAEC. Clear/2011 -2012/05.
Synthesis and characterization of benzopyron-2-one derivatives
7-(2-substituted phenylthiazolidinyl) -benzopyron-2-one derivatives were obtained by using starting material 7-amino-4-methyl -benzopyron -2-one and a suitable substituted aldehydes. Schiff bases obtained from reaction of starting material were treated with thioglycolic acid to produce a series of derivatives of 7-(2-substituted phenylthiazolidinyl) -benzopyron-2-one. Synthesis and characterization of these compounds were publicized by . 13 Among these derivatives following three compounds namely FPTMB, DPTMB and HPTMB were selected for the present study to evaluate their neuro protective potential.
Acute oral toxicity
Guideline no.425 given by Organization for Economic Cooperation and Development (OECD) was followed to conduct toxicity studies. Mice of (swiss albino) body weight ranging from 20-25g are used.
14 In each step 3 animals were used in each group. Animals were kept on fasting for 3-4 h prior to dosing. All the animals were evaluated for the signs of toxicity and mortality.
Experimental Design
In order to screen synthesized derivatives for neuroprotective potential, mice (20- Grouping of animals and treatment was done according to procedure described above. To see the locomotor activity, Actophotometer was turned ON and each mouse was placed individually in activity cage and observed for 10min. Basal activity score for all animals was noted (0 min reading). After administration of drug as described above, readings are noted at 30, 60, 90 and 120min. Difference in activity, before and after drug administration, was noted.
Anxiolytic Effect by Evasion test
In Evasion test animals are placed in rectangular box with an inclined plane (45 o ) by which it can escape from box. Animals which escaped with in 5min are selected for test. After administration of drugs as described above, group wise animals were placed in box and number of mice remained in box after 5min of test duration was noted. Readings are taken at 30, 60, 90 and 120min after dose administration. 16 
Skeletal Muscle Relaxant activity by Rotarod test
Muscle relaxant activity was evaluated by testing potential of mice to remain on rotating rod. Animals were trained for using in test, mice which remained on rotating rod for 1min into successive trials were selected for test. 30min after administration of drugs as described above animals were placed on rod to note the time taken for mice to fall from rod. 
Anti-Convulsant activity by PTZ induced seizures
1hr after administration of drugs as described above, PTZ (80mg/kg) was given and time taken for onset, duration of seizures and mortality was noted. Percentage of animals protected with in 60min after PTZ administration was also recorded.
18
Analgesic activity by Eddy's hotplate method 19 Mice showing cut off time below 15 sec were selected for test and divided in to 5 groups as described above. Animals were placed on Hotplate where the temperature was set at 55±1 o C and recorded the reaction time in seconds for licking of hind paw or jumping with cutoff time of 15 seconds to avoid injury. Reaction time was measured at 0, 30, 60, 90 and 120 min after administering with normal saline (5 ml/kg P.O.), standard Pentazocine (10 mg/ kg BW, P.O.), and FPTMB (20 mg/kg BW, P.O.), DPTMB (20 mg/kg BW, P.O.), HPTMB (20 mg/kg BW, P.O.) for their respective group animals.
Analgesic activity by Tail clip method 20 Analgesic activity was also evaluated by applying a metal artery clip to the base of the tail with its jaws sheeted with rubber tubing. Pressure of the clip was so adjusted that it was just sufficient to make all control mice respond. Animals showing efforts to dislodge the clip within 15 seconds were only used and divided in to five groups(6 in each). Readings were taken at 0, 30, 60, 90 and 120min after oral administration of drugs to their respective groups. It was considered a positive analgesic response if there was no attempt to dislodge the clip within 15 sec in any of four consecutive trials.
Statistical analysis
Results are formulated as mean ± SEM and subjected to statistical analysis by using one way ANOVA followed by a non-parametric, Dunnett's multiple comparison test in a Graph pad prism software of version 5.0.
RESULTS
Acute oral toxicity study
After dosing animals were observed individually at least once during first 30 min, periodically during first 24 h and daily up to 14 days. It was observed that there were no signs of toxicity and mortality at a dose of 200mg/kg. LD50 was calculated by using AOT425statpgm. 200mg/kg body weight was found to be maximum non-lethal dose, therefore 20mg/kg (i.e. 1/10 th ) was selected as test dose for all three derivatives.
SMA by Actophotometer
Diazepam (10mg/kg), FPTMB, DPTMB and HPTMB at a dose of 20mg/kg caused highly significant (p<0.001) reduction in SMA in mice as compare to control group at 30, 60, 90 and 120min as compared to control group. (Table 1 )
Anxiolytic Effect by Evasion test
In evasion test, after treatment with diazepam, FPTMB, DPTMB and HPTMB, there was a significant (p<0.001) decrease in residual curiosity behavior of mice. In all treatment groups number of animals remained in the box increased significantly from 30min to 120 min as compared to control group. (Table 2 )
Skeletal Muscle Relaxant activity by Rotarod test
In rotarod test, animals treated with Diazepam (10mg/kg) showed highly significant (p<0.001) decrease in time to fall from rotating rod as compare to control group indicating its effectiveness producing muscle relaxation. DPTMB showed significant (p<0.05) decrease and FPTMB, HPTMB treated animals showed highly significant (p<0.001) decrease in time to fall from rotating rod as compared to control group. (Table 3 )
Anti-Convulsant activity by PTZ induced seizures
In control group vehicle treated rats showed convulsion at 12.0 ± 0.58 sec for duration of 14.0 ± 0.58 sec after treatment with PTZ. Animals treated with Diazepam, FPTMB, DPTMB and HPTMB showed significant Control animals showed latency time of 1.3 sec (0min) to 1.54 sec (120min), administration of Pentazocine (10mg/kg) resulted in significant increase in latency time from 1.48sec at 0min to 5.00sec at 120min (p<0.001).
All three benzopyran-2-one derivatives treated animals not showed significant change in latency time as compared to control group (data not shown).
Analgesic activity by Tail clip method
In tail clip method, control group animals showed reaction time of 2.02 sec at 0min to 2.3sec at 120min, pentazocine treated animals showed significant increase in reaction time to pain stimulus from 1.9sec at 0min to 7.7sec at 120min (p<0.001) as compared to control group. Moreover, reaction time in all three benzopyran-2-one treated groups, not increased significantly as compared to control animals (data not shown).
DISCUSSION
Results obtained in SMA showed that Benzopyran-2-one derivatives decreases alertness and restlessness which were in agreement with previous reports where coumarins have been reported to possess sedative properties. 21 Also there were neither tremors, twitches, convulsions nor straubs tail response. No effects were noticed on alarm reaction, body posture, limb position, gait, righting reflex, muscle tone and pinna and corneal reflexes. From such observations, it is possible to ring against PTZ induced seizure model in mice. 28 But the exact mechanism for increase in GABA content could not be reported in this study and remains to be explored. Experimental evidence obtained in present laboratory animal study shows that all test compounds significantly delayed the onset of seizures and reduced duration of seizures induced by PTZ, FPTMB showed a significant reduction in the mortality rate of mice, whereas, DPTMB and HPTMB did not showed any protection of mortality in mice. According to previous studies synthetic compounds containing thiazolidine moiety in their structure demonstrate anticonvulsant activity. [29] [30] Thus, anticonvulsant activity of test compounds may be attributed to the thiazolidine moiety present in their structure. Hot plate method was selected to investigate central analgesic activity because it had several advantages; particularly sensitivity to strong anti-nociceptives and limited tissue damage. 31 Pentazocine was used as a standard reference drug in hot plate method which acts through opioid receptors. Results of hot plate method showed that all test compounds did increased reaction time to heat stimulus but it was not statistically significant as compared to control group. Haffner's tail clip method is simple and has advantage that reflex mechanism on which it is based involves higher centers. Animal have to identify exactly place where noxious stimulus is applied and it carries out coordinated movements to remove it. 32 In Haffner's tail clip method, animals significantly prolonged the latency to dislodge the clip from their tail in pentazocine group when compared with control group but the increase in latency to dislodge the clip by test compounds was not statistically significant compared to control. Results obtained from both analgesic tests for all three Benzopyran-2-one derivatives showed that they had no analgesic effect. Based on our findings it is clear that these novel benzopyran ring derivatives can be explored at molecular level to find their neuroprotective activities and they should also be tested with other screening procedures to prove their non-analgesic activity.
CONCLUSION
Hence from results obtained of all neuropharmacological profiles in present study, it can be concluded that all three Benzopyran-2-one derivatives i.e. FPTMB, DPTMB and HPTMB possess neuropharmacological properties like anxiolytic activity, SMA, skeletal muscle relaxation and anti-convulsant activity, i.e., all the Benzopyran-2-one derivatives possess the depressant effects on CNS but do not possess analgesic activity.
conclude that depressant effect of test compounds on locomotor activity was probably not due to a peripheral neuromuscular blockage. 22 Diazepam, used as positive control in this test, belongs to the BZD group reduces SMA. Hence, we can say that all three Benzopyran-2-one derivatives act like that of diazepam, by increasing the influx of Cl -ions through GABA channels. Spontaneous motor activity of benzopyran ring was also reported in a study done by Jadagoudar YP. 23 By using same diazepam as a standard drug exploratory behavior was tested by using evasion test. There was significant increase in number of animals remaining in box after treatment with Benzopyran-2-one derivatives reporting their depressant action on CNS and also a strong indication of anxiolytic action as produced by diazepam. Anxiolytics are known to exert pharmacological action by causing an increase in the GABA content in the cerebral hemisphere in mice. 16 Hence, we can conclude that all three Benzopyran-2-one derivatives used in present study act through BZD-GABA receptors, i.e., test derivatives might involve an action on GABAergic transmission as like that of diazepam. Our results are in accordance with the study of C Comoy et al. where they reported the efficacy of benzopyran ring as Anxiolytic agent against light-dark box test and the elevated plus maze test in mice. 24 From results of rotarod test it was clear that all test compounds showed a significant relaxation of skeletal muscles as like that of diazepam. PTZ induced convulsions was used for screening anti-convulsant activity. Induction of seizures by PTZ is a very sensitive animal model of myoclonic seizures and allows detection of modulatory effects on convulsive tendency 25 PTZ increases activity in major epileptogenic centers of forebrain like the amygdale and piriform cortex. 26 Neurochemical evidence suggests that PTZ binds to picrotoxin and BZD sites of GABA A receptor complex. Suppression of inhibition mediated by GABA and/ or activation of NMDA receptors appears to be critical factors involved in the initiation and generalization of the PTZ-induced seizures. 27 Enhancement and inhibition of neurotransmission of GABA will attenuate and enhance convulsion respectively. Thus, it may be possible that test compounds may have exerted anti-convulsant effects by enhancing GABAergic inhibitory neurotransmission similar to that of diazepam, which leads to opening of Cl -ion channel and influx of Cl -ions causing membrane hyperpolarization or by decreasing the degradation of GABA. Our findings of benzopyran ring showing anti-convulsant activity are similar to the results obtained by Ronad PM et al. where they proved the anti-convulsant efficacy of the same benzopyran
